The Siberian flying squirrel (Pteromys volans) is a herbivorous, nocturnal, and arboreal rodent living in boreal coniferous forests. Home-range sizes, movements, and nest-use behavior of Pteromys were studied by radiotelemetry in southern Finland in 1996-1998. Thirty-seven animals were tracked. Average home-range size measured by 100% minimum convex polygons was 59.9 ha for males and 8.3 ha for females. Both sexes concentrated their activities in core areas that represented 9% and 11% of the home-range areas in males and females, respectively. Home ranges of males and females were several times larger than predicted according to body mass. Similarly, home ranges of Pteromys were much larger than in other gliding herbivores. Males especially showed great mobility; the average distance moved from the nest at night was 292 m, and the longest distances recorded were Ͼ2 km. A plausible explanation for the large home ranges and great mobility of Pteromys is its gliding ability; both sexes can reach distant parts of the home range for foraging, and males also can reach distant parts for receptive females. Pteromys had several nests, both cavities and dreys (nests in branches of trees), which they changed frequently.
In general, home-range size depends on body mass and energy requirements; large species maintain large home ranges, and carnivorous species maintain larger ranges than herbivorous species (Swihart et al. 1988) . Habitat productivity also may influence home-range size (Harestad and Bunnell 1979; Swihart et al. 1988) . Differences may exist between resource requirements of sexes in that home ranges of females are more dependent on food and nest resources and home ranges of males are more dependent on the spatial distribution of females (Ostfeld 1990 ). Consequently, there may be a significant difference in home-range size between sexes. Numerous studies have reported home-range areas of various species and noted extensive inter-and intraspecific variation. However, all parts of the home * Correspondent: ilpo.hanski@helsinki.fi range are not equally important and are not used equally. Animals tend to use certain parts of the home range most extensively. Uneven use of home-range area may indicate a clumped distribution of essential resources (Andrén 1990; Baba et al. 1982; Bendel and Gates 1987; Powell et al. 1997 ).
Home range is not a static, well-defined area; borders may change, depending on season or reproductive status. On the other hand, home-range size and boundaries depend on the method of estimation (Kenward 1987; White and Garrott 1990) . Therefore, knowledge about home-range size and location as well as preferences, activities, and movements of occupants are essential to understand spacing behavior.
Pteromys volans belongs to the Siberian fauna type and occupies boreal forests. Its range spans Eurasia from Finland and the Baltic countries through Siberia to Korea and Hokkaido Island, Japan (Ognev 1966; Wilson and Reeder 1993) . The northern flying squirrel (Glaucomys sabrinus) of North America is the only other boreal species in the Pteromyinae (Corbet and Hill 1991) .
Pteromys volans is mostly nocturnal, roosting and nesting in tree cavities and dreys (nests in branches of trees). Its food consists mainly of leaves of deciduous trees in summer and of catkins of birch (Betula) and alder (Alnus) supplemented with buds of coniferous and deciduous trees in autumn and winter. The biology of Pteromys has been described in more detail by Hanski et al. (2000) . In Finland, populations of Pteromys have declined recently (Hokkanen et al. 1982) , apparently because of forest-management practices. Pteromys has been classified as a declining species in need of population monitoring (Rassi and Väisänen 1987) .
The ranging and nesting behavior, habitat use, and diet of Glaucomys have been studied thoroughly (Bendel and Gates 1987; Carey et al. 1997; Fridell and Litvaitis 1991; Hall 1991; Layne and Raymond 1994; Witt 1992) . However, few data are available on home-range size, spatial activity patterns, and nest use of Pteromys. Earlier studies have recorded temporal activity patterns (Hokkanen et al. 1977; Törmälä et al. 1980) or home-range size, movements, and habitat use (Hanski 1998) . These studies were based on few individuals, and there have been insufficient data to make intersexual comparisons. We radio-tracked 37 male and female flying squirrels and estimated home-range size, use, and movement patterns and evaluated data on nesting behavior in males and females.
MATERIALS AND METHODS
Study areas.-Flying squirrels were studied in 2 areas in southern Finland. The main tree species were Norway spruce (Picea abies), Scots pine (Pinus sylvestris), birches (Betula pendula and B. pubescens), aspen (Populus tremula), and alders (Alnus incana and A. glutinosa). Study area A was in Iitti (60Њ55ЈN, 26Њ30ЈE) in managed coniferous forests. The terrain was undulating, varying from 65 to 110 m in elevation. Those forests were dominated by spruce, owned by private landowners, and intensively managed. In mature stages, the forest reached heights of 25-28 m. Forest stands were surrounded by clear-cuts, sapling stands, young forests of various ages, and to a lesser extent pine bogs. Study area B, also in southern Finland, was in Nuuksio National Park, Espoo (60Њ18ЈN, 24Њ32ЈE) and surrounding managed forests. The terrain was rugged with steep cliffs or undulating slopes rising to hilltops and ridges with open pine forest. The elevation varied from 30 to 100 m in elevation. In the northern part of the study area, there were relatively continuous forests that had not been managed for decades. The forests were interrupted by a few bogs, lakes, and fields. Those forests consisted of patches dominated by spruce, pine, or deciduous components. In managed areas of the southern part, the forest was fragmented by fields, clearcuts, and sapling stands. Phytogeographically, the areas were in the south-boreal zone (Ahti et al. 1968) . Mean temperature in both study areas in January was Ϫ8ЊC with 43 mm of precipitation as snow. In July, the mean temperature was 17ЊC with 73 mm of precipitation. Snow cover lasted from mid-November to late April.
Radiotracking.-In spring, nests of Pteromys were located by searching for aspens with a collection of yellow-brown feces at the base. After a potential nest site was located, animals were trapped using a perspex trap over the entrance to the nest cavity. When an animal emerged, it fell into the trap. Traps were checked 1 h after sunset and removed 4 h after sunset. Captured animals were ear-tagged, sexed, and weighed. All animals captured were adults. Adults captured during the summer can be distinguished from juveniles by their weight. Therefore, all animals captured must have been born the previous summer or earlier and were classified as adults. We fitted a radiotransmitter collar weighing 5.5 g (Biotrack, Wareham, United Kingdom) to each animal. Transmitters were 3.7% of the body weight of females and 4.3% of males. Because Pteromys were rare and, in general, had low densities, we captured animals over large areas. Radio-tagged flying squirrels occupied 150 km 2 in study area A and 38 km 2 in study area B.
Animals were located once a night, Յ5 times FIG. 1.-Utilization distribution of cluster analysis for flying squirrels (n ϭ 33). The points are the mean Ϯ SE; the arrow indicates the point where home-range size starts to increase significantly and indicates the point at which core areas were defined. a week, in a random sequence with an RX-81 receiver and a 2-or 3-element Yagi antenna (Televilt, Lindesberg, Sweden) . Tagged animals also were located about once a week during daytime to find nesting and roosting sites. Radiotransmitters lasted 6Ϫ7 months and had a signal range Յ2 km. We followed signals on foot until animals were located in specific trees or groups of trees. When tracking, the observer did not seem to disturb animals because in almost all cases the animal stayed in the tree where it was first located and, when seen, appeared to be undisturbed and continued foraging in the foliage. We have no clear observations that an animal fled from us by gliding away. Locations were marked with a flag, and coordinates were later obtained with a portable GPS system. Fixes from 1996 were marked using a grid system. These were converted to Finnish coordinates by using GPS on outliers and using these to obtain coordinates of other fixes with MapInfo (Mapinfo Corporation, Troy, New York).
We present 3 years of data from March to December. Data were collected in June-December 1996, April-October 1997, and March-September 1998.
Data analysis.-We calculated home-range size using 100% and 95% minimum convex polygons (MCP) because only these methods provided data comparable to other studies (Harris et al. 1990 ). The comparison of other methods is complicated by different software packages that use different algorithms for homerange estimation and, therefore, give different results for the same set of data (Lawson and Rodgers 1997) . Our 100% MCP included all fixes made for each animal. The 95% MCP included only fixes made when an animal was outside its nest. We estimated the 95% MCP using the arithmetic mean algorithm (Kenward and Hodder 1996) . Cluster analysis (Kenward 1987 ) was used to define core areas of high activity. Clustering was based on nearest-neighbor distances of fixes. The analysis encircled groups of fixes that were close to each other and forms clusters. Thus, cluster analysis identified Ն1 patches that were used most frequently. Core areas were based on 85% of fixes made outside the nest; the 85% limit was based on a utilization distribution of cluster analysis (Fig. 1 ). There was a significant increase in the proportion of total area between the 85-90% clusters and the 90-95% clusters. Means of other clusters (20-85%) did not differ (1-way analysis of variance, AN-OVA, F ϭ 106.24, d.f. ϭ 15, 192, P Ͻ 0.001; Tukey Q ϭ 4.84, P Ͻ 0.05; Fig. 1 ). Thus, we defined 3 categories of home-range utilization. The 100% MCP represented the maximum area used, the 95% MCP represented the area used when outliers at the periphery of the range were removed, and the 85% cluster represented the core areas of high activity. We considered homerange sizes to be annual maxima because tracking covered the most active periods of flying squirrels.
We compared male and female home-range size to that expected on the basis of body sizes. We estimated home-range size (A) from body mass with the formula for herbivorous mammals: A ϭ 4.90M 1.56 (Swihart et al. 1988) , where M was body mass (kg). For animals tracked Ͼ1 year, home range was taken from the year when the greatest number of fixes outside the nest was obtained. For those, we estimated home-range overlap as the proportion of a home range recorded in the 1st year that was overlapped by the 2nd-year home range. That indicated the degree of site fidelity. No animals were tracked for Ͼ2 years.
Nightly distance traveled was measured as the linear distance from the nest site to the fix position. We determined mean distance moved for each animal over the study period (seasonal distance) and for each month it was tracked (monthly distance). Monthly distances revealed seasonal variation in activity associated with be-havior, such as mating and parturition. Movement distances were not estimated for December because we had few fixes for this month. For animals tracked for 2 years, seasonal distance traveled was the mean of the 2 years, and for monthly movement, we used the monthly mean for both years.
To determine nocturnal activity patterns during the tracking season, we used all fixes made at night (sunset to sunrise). The length of night varied from 5 h (late June) to 16.8 h (late November). Activity for an animal was defined as the proportion of fixes outside the nest. We compared activity between sexes over the whole period and monthly to length of night and mean temperature. If an animal was tracked for Ͼ1 year, we used data from the same year, as in home-range analyses.
Cavities used by Pteromys were holes in trees that were formed either by woodpeckers or naturally. The great spotted woodpecker (Dendrocopos major) had excavated most woodpecker cavities. Dreys were nests in the branches of trees, mostly spruce, that were made of twigs, moss, and lichen. These had been built by red squirrels (Sciurus vulgaris) or possibly by Pteromys. Length of time a nest was used was the period between the 1st location in that nest and the 1st location in a new nest, which was a reasonable estimate of the nest-use pattern because daytime locations were checked weekly. In nest analysis, we used data from the same year as the home-range analysis if an animal was tracked for Ͼ1 year. To determine if nest location influenced activity or home-range use, we compared observed number of nests within each homerange utilization category to expected number of nests. The expected number of nests was based on the area of a particular home-range category. Those categories formed nested subsets; the 95% MCP area used to calculate the expected number of nests was the 95% MCP area minus the 85% cluster area. Similarly, the 100% MCP used was the 100% MCP minus the area of the 95% MCP.
We performed nonparametric 1-way ANOVA using the Kruskal-Wallis H-test. The MannWhitney U-test was used for all intersexual comparisons. Ranges V software (Kenward and Hodder 1996) was used for home-range analyses, distance traveled, and overlap between years. Statistical analyses were done using SYS-TAT 7.0 (SPSS Inc., Chicago, Illinois) and Statistix for Windows 1.0 (Analytical Software, Tallahassee, Florida).
RESULTS
Thirty-seven animals (18 females and 19 males) were tracked in the 2 study areas over 3 years. In study area A, 8 animals (4 females, 4 males) were tracked in 1996, 12 (5 females, 7 males) were tracked in 1997, and 13 (6 females, 7 males) were tracked in 1998. Seven of the animals in 1998 (3 females, 4 males) were tracked during previous years. In study area B, 6 animals (4 females, 2 males) were tracked in 1997, and 6 (3 females, 3 males) were tracked in 1998. Of those, 1 female and 1 male were tracked in both years. Overall, 9 animals were tracked for 2 years.
The number of fixes per animal ranged from 24 to 88 for females and 18 to 98 for males. Fixes for animals outside the nest ranged from 11 to 58 for females and 11 to 55 for males. Locational data from 33 animals were used in the home-range analysis. Four animals were excluded because 1 female (11 fixes outside nest) and 3 males (11-22 fixes outside nest) did not have a sufficient number of fixes to estimate homerange area. The remaining 33 animals had Ͼ30 active fixes. Because the MCP method is sensitive to sample size (Harris et al. 1990; White and Garrott 1990) , we plotted an asymptote of active fixes. That showed that home-range size reached 90% at 38 fixes and became stable at 44 fixes (Fig. 2) . In the following, we combined data from the 2 study areas. Home-range sizes of females did not differ (P ϭ 0.096) between sites A and B. Sample size for males (n ϭ 2) in Nuuksio was too small to allow a comparison. One additional male was included in the analysis of movement and activity patterns because it had Ͼ20 fixes outside the nest.
Male home-range size (n ϭ 16) was larger than that of females (n ϭ 17) at 100% MCP (U ϭ 245, P Ͻ 0.001), 95% MCP (U ϭ 243, P Ͻ 0.001), and 85% cluster (U ϭ 229, P Ͻ 0.001; Table 1 ). The 85% clusters FIG. 2. -Incremental plot of 100% MCP using only the fixes made when an animal was out of its nest (n ϭ 33 squirrels). Vertical bars Ϯ SE; the plot shows that an asymptote is reached at 44 fixes; the dotted line shows that 90% of the area is defined by 38 fixes. TABLE 1.-Mean and range of home-range sizes (ha) for 17 female and 16 male flying squirrels in Finland. Total fixes is the mean number of fixes made for an animal both inside and outside its nest; active fixes is the mean number of fixes made for an animal when it was outside its nest; number of core areas is the number of plots that form the 85% cluster. Mean female body mass was 150 g Ϯ 17.5 (Ϯ SD, n ϭ 28), and mean male body mass was 127 Ϯ 12.8 g (n ϭ 33). Females were heavier than males (t ϭ Ϫ5.75, d.f. ϭ 48.7, P Ͻ 0.001) by a factor of 1.06 using the cube root of body weight for comparison (Ralls 1976) . Body mass was measured at time of 1st capture, and the sample included also other than radio-tracked individuals. The sample of females may have included 2 pregnant animals, but they were not the heaviest individuals in the sample, and the difference in mass was still significant after removing them. Swihart et al. (1988) suggested that home-range size scales with body size in mammals and may be influenced by physiological, morphological, or environmental factors. Using the model of Swihart et al. (1988) , predicted home-range size for males was 0.20 ha. The predicted area for females was 0.25 ha. In males, the observed 95% MCP and 85% cluster areas were 198 and 27 times larger than the predicted values. In females, observed values were 23 and 3.6 times larger.
Males and females tracked for 2 years (n ϭ 9) showed a high degree of site fidelity. Mean 100% MCP overlap for females was 74.5 Ϯ 7.9% and for males 70.5 Ϯ 13.2%. Mean 95% MCP overlap for females was 61.7 Ϯ 7.0% and for males 64.7 Ϯ 15.3%. There was no difference in the degree of overlap between sexes at either home-range level. In addition to the 9 squirrels above, 1 male tracked in 1997 was recaptured from the same site in 1998, but radio signal was lost shortly after capture. Also, 1 female tracked in 1997 was recaptured in 1998, but she was killed by a predator soon afterward. Those data revealed a high level of site fidelity.
Over the whole tracking period, 17 females moved 111 Ϯ 33 m at night, while 17 males moved 292 Ϯ 157 m from the nest. Males (n ϭ 17) were located farther from the nest than females (n ϭ 17; U ϭ 30, P Ͻ 0.001). Distance moved by males (H ϭ 32, d.f. ϭ 8, P Ͻ 0.001) and females (H ϭ 28.4, d.f. ϭ 8, P Ͻ 0.001) varied monthly (Fig. 3) . Males (n ϭ 14 and 4) moved farther than females (n ϭ 13 and 2) in each month except September (U ϭ 66, P Ͼ 0.05) and November (U ϭ 4, P Ͼ 0.05; Fig. 3 ). Males (n ϭ 8) may have moved farther than females (n ϭ 8) in April (U ϭ 15, P Ͻ 0.1). Within sex, males moved farthest in March (749 Ϯ 406 m, n ϭ 5), whereas females moved farthest in August (153 Ϯ 55 m, n ϭ 17; Fig. 3) .
Over the study, females were located in the nest at night more often than males. Males (n ϭ 17) and females (n ϭ 17) were located outside the nest at night 85 Ϯ 10% and 77 Ϯ 12% of fixes, respectively (U ϭ 86.5, P Ͻ 0.05). The proportion of locations outside the nest varied from month to month for females (H ϭ 40.8, d.f. ϭ 8, P Ͻ 0.001) and males (H ϭ 52.4, d.f. ϭ 8, P Ͻ 0.001). Males (n ϭ 13 and 17) were located outside the nest at night more often than females (n ϭ 11 and 17) in May (U ϭ 12.5, P Ͻ 0.001) and August (U ϭ 72, P Ͻ 0.01 ; Fig. 4) ; they did not differ in other months. The proportion of time that individuals were located outside the nest peaked in July and August for males and females (Fig. 4) .
A total of 221 nests was used by 34 flying squirrels. Of those, 61% were in cavities, 36% were in dreys, and 3% were in nest boxes. A female was observed only once in a natural cavity; all others were in old woodpecker cavities. Of 136 cavities used, 95% were in aspens and 4% in birches. Only 1 cavity was in an alder. Most dreys were located in spruce (n ϭ 79), but 2 were found in pine. Three females and 1 male regularly used nest boxes that were set up for a pygmy owl, and 2 males were each found in the nest box once. Females (n ϭ 17) used an average of 5 nests (range, 2-10) throughout the tracking season, whereas males (n ϭ 17) used 8 nests (range, 4-14) . Males used more nests than females (U ϭ 62, P Ͻ 0.01) and therefore changed nest more often (Table 2) . This difference was the result of males using more dreys than females (U ϭ 77, P Ͻ 0.05) because the number of cavities used was equal (Table  2) . Males spent less time in each nest (17.2 Ϯ 7.6 days) than females (24.2 Ϯ 11.1 days; U ϭ 204, P Ͻ 0.05). There were no FIG. 4.-Monthly activity for adult flying squirrels. The points are the mean percentage (ϮSE) of fixes recorded at night that were outside the nest; the length of the night (hours) from sunset to sunrise is shown to indicate the maximum time period available for activity; the mean monthly temperature is also shown; number of animals from which the mean is calculated above or below bars. differences between sexes for time spent in different nest types.
The 85% cluster areas of females and males represented 11% and 9% of the 100% MCP area, respectively. Significantly more nests than expected (based on areas of home-range utilization categories) were found in the 85% core areas of males and females (Table 3) . With females, 50% of nests were within core areas, 34% were in the 95% MCP, and 16% were in the 100% MCP. For males, 48% of nests were in core areas, 31% were in the 95% MCP, and 21% were in the 100% MCP.
DISCUSSION
Home ranges of male and female Pteromys were several times larger than those of the North American species. In G. sabrinus, home ranges measured by 95% MCPs averaged 3.7 ha (Witt 1992) and in male G. volans 9.9 ha (Fridell and Litvaitis 1991) . Ranges of Pteromys were larger than those used by herbivorous gliding marsupials, such as the squirrel glider, Petaurus norfolcensis, and the sugar glider, P. breviceps (both species 2.5-4 ha) in Australia (Quin 1995) and larger than those used by the Japanese giant flying squirrel, Petaurista leucogenys (0. 46-5.16 ha-Baba et al. 1982) ; however, data on Petaurista were based only on short tracking periods, and the results may not be fully comparable.
Observed interspecific differences in home-range sizes may be consequences of differences in habitat productivity and density of flying squirrels among geographical areas. Densities of the Pteromys were low. Based on captures and radio-tracking data, densities of Pteromys were 0.04 and 0.08 TABLE 2.-Nest-type use for 17 female and 17 male flying squirrels in Finland. Time spent in a nest is the mean number of days spent in a particular nest type before the nest site was changed; times changed is the mean number of times an animal changed nest site, including the times it returned to a previous nest. squirrels/ha in 2 small, intensively studied 2.8-km 2 and 2.3-km 2 areas in Finland. These were lower than observed densities of G. volans (3.7-7.4 animals/ha-Gilmore and Gates 1985; Sonenshine et al. 1979) and G. sabrinus (0.12-3.3 animals/ha-Carey et al. 1997; Rosenberg and Anthony 1992; Waters and Zabel 1995; Witt 1992) . In general, animals in productive habitats tend to have smaller home ranges than those in unproductive habitats (Harestad and Bunnell 1979) . G. volans occupies temperate deciduous forests, where the climate is milder and productivity higher. This species differs from Pteromys in that it is more dependent on mast as food (Fridell and Litvaitis 1991; Harlow and Doyle 1990) . G. sabrinus feeds extensively on fungi and lichen (Hall 1991; McKeever 1960; Waters and Zabel 1995) , which are presumed to be abundant and not limited (Weigl 1978) . Productivity of deciduous leaves (the main food of Pteromys in summer) in Finland is probably not a limiting factor. In sprucedominated forests, only 3-4 common deciduous tree species occur, and all those are used for foraging by Pteromys. Instead, during winter and early spring, when temperatures are low and energy requirements high, amount and availability of catkins of birch and alder may be a crucial limiting factor. However, availability of food alone does not explain the observed large home ranges. The majority of feeding takes place in small core areas (Hanski 1998) , which, although scattered, represent only 10% of the 100% MCP area used by Pteromys.
Home-range size of males in our study was almost 200 times larger (95% MCP areas) than predicted by the model of Swihart et al. (1988) and 23 times larger for females. Similarly, Glaucomys species seem to maintain larger home ranges than the model predicts. Male G. volans had about 140 times and females about 50 times larger home ranges (home-range sizes -Fridell and Litvaitis 1991; weights-Stapp 1992) than predicted. For G. sabrinus, the difference was 19 times (Witt 1991 (Witt , 1992 . Thus, in general, gliding herbivores seem to maintain larger home ranges than predicted. It is noteworthy that Swihart et al. (1988) did not include gliding mammals in the analysis. A plausible explanation for the ob-served deviation from model predictions is the gliding ability and thus better mobility of flying squirrels.
Males occupied larger home ranges than females. The intersexual difference (7-8 times) in home-range size was greater than that of G. volans (2-3-fold- Bendel and Gates 1987; Fridell and Litvaitis 1991) . Witt (1992) did not report separate homerange sizes for male and female G. sabrinus but indicated intersexual difference not much different from G. volans. Baba et al. (1982) reported about 2-fold difference in Petaurista. Males commonly have 2-3 times larger home ranges in voles (Microtus) and mice (e.g., Frank and Heske 1992; Ribble and Stanley 1998; Tew and Macdonald 1994) . Male red squirrels in Sweden maintained 5 times larger ranges than females (Andrén and Delin 1994), but in Central Europe the difference was only about 2-fold or less (Wauters and Dhondt 1992; Wauters et al. 1994) . Home-range sizes of Sciurus niger did not differ between sexes (Sheperd and Swihart 1995) . Our results indicate that intersexual difference in homerange size for Pteromys was greater relative to other species of medium-sized and small mammals.
The type of mating system often determines spacing and size of the home range (Ostfeld 1990) . In promiscuous systems (Clutton-Brock 1989) , males usually have large, overlapping home ranges, but females maintain smaller, nonoverlapping home ranges (Gaulin and FitzGerald 1988; Ribble and Millar 1996; Ribble and Stanley 1998; Topping and Millar 1998) . Several female ranges may be included within a male home range. If females are scattered over a large area, then total area used by males for mate searching will be large. We observed overlapping home ranges of males at both sites, and at 1 site, the home ranges of males included the home ranges of 4 females. These results suggest a promiscuous or polygynous mating system (CluttonBrock 1989) . If mating behavior is related to home-range size, then males in high-density populations will have access to several females within a smaller area than if the density were low (Nelson 1995) . As a result, average home ranges at high densities should be smaller than at low densities. In this respect, landscape structure also may affect home-range size of males if the distribution and abundance of females is determined by suitable landscape elements in the area. These factors may explain differences in home-range sizes among regions and species. Differences in energy (food) and nest-site requirements of Pteromys is unlikely because females seem to satisfy their requirements within a smaller area than males.
Each animal had 1-6 core areas where they were found in 85% of nocturnal fixes. Core areas may represent patches of rich food resources, high density of nest sites, and sheltered vegetation for foraging; individuals also may spend more time in sites preferred by the opposite sex (Andrén 1990; Bendel and Gates 1987; Powell et al. 1997; Wauters et al. 1994) . Recently, Hanski (1998) showed that core areas used by Pteromys had greater density of aspen, alder, and deciduous trees than elsewhere in the home range. Canopy cover also was greater in core areas. These findings indicate that animals preferentially occupied patches where food was abundant. Canopy cover may offer shelter from predators, but in Hanski's (1998) data, it was correlated with density of deciduous trees. Thus, the effect of shelter could not be separated from the density of trees used for foraging.
We analyzed nest-site location relative to use of home-range area. Nests of both sexes were located more frequently in 85% core areas than expected. Thus, core areas were formed partly near and around nest sites. We concluded that use of the home range is influenced by the presence of foraging sites and availability and location of nest and roosting sites. However, 51% of nests were located elsewhere in the home range, indicating that nest sites alone do not determine core-area use and home-range size.
Males moved long distances at night. The longest recorded straight-line distances from the nest were Ͼ2 km. One male moved 918 m in 20 min when tracked continuously. Large male home ranges are partly a function of distances moved. However, a large home range also may result from movement to a nest on the periphery of the home range, followed by short trips near the new nest. This was only a partial explanation in our case. Males had several nests within the home range, but long nocturnal trips were followed by return to the same nest from which they left. High mobility is a consequence of gliding locomotion. Depending on forest structure, tree height, and starting altitude, Pteromys can glide 75 m at a time (I. K. Hanski, in litt.). Travel through the home range may not take more than a few minutes. By gliding, both sexes of flying squirrels can reach more distant sites easier than other mammals.
Differences in movement patterns between males and females were most pronounced in March-May and August. The high spring activity of males can be attributed to sexual activity. The mating season starts in March and continues until midMay, when young of the 2nd litter are fertilized (Hanski et al. 2000) . If Pteromys is promiscuous or polygynous, then males should search actively for receptive females and thus move long distances in spring. The activity peak in August is more difficult to explain. However, juvenile dispersal takes place from the end of July to the end of August. During this time, males may patrol their home ranges to find females that have settled after dispersal. This knowledge may be important for the next mating season. In late summer, energy required for locomotion is apparently less than in autumn and winter. Furthermore, food (leaves of deciduous trees) is abundant. Gathering information over a large area is probably easiest when the environmental conditions are moderate. Apparently, cost of movement is too high in winter, when temperatures and food availability are low. In fact, males and females seem to minimize locomotion in autumn as winter approaches (Fig. 4) .
Females were less variable. They showed little movement activity in May following parturition. They remain in the nest for long periods and make only short foraging trips. Low movement activity in October, November, and March may be due to severe weather conditions. Because both sexes gain weight before winter, higher activity from June to September may represent active foraging and preparation for winter. In southern Finland, leaves of deciduous trees begin to lose chlorophyll and nutritional value in September. The high activity peak of males in August cannot be explained by increased foraging activity alone because females satisfy their food requirements in smaller areas. The seasonal pattern of activity is influenced by length of night and mean temperature (Fig. 4) . In summer, when night is short, both sexes were active and outside the nest. In late June, it is not totally dark, and almost the entire night must be used for foraging. In spring and October, squirrels were found in the nest half of the time, but in November, they spent most of their time in their nests.
Pteromys used several nest or roosting sites, as do Glaucomys (Bendel and Gates 1987; Carey et al. 1997) . Males changed nests more often than females, but this was probably a result of their greater number of nests and higher mobility. Reasons for nestsite change include parasites and predation. Increasing ectoparasite load during nesting may be an important factor in nest changing. Fleas reproduce in nest material, and a new generation appears in summer. Nest cavities checked after a female and her young had moved to another nest contained hundreds of fleas. Recently, Butler and Roper (1996) showed that lower ectoparasite loads in nests increased the time spent in each nest and decreased the frequency of nest changes in badgers (Meles meles).
